This experimental study was carried out to verify the quality enhancement of Natural Rubber Products by drying methods and ascertain to what extent the different methods of drying affected the properties exhibited. During this study, samples of natural rubber coagulum were obtained and a sample each was subjected to one of these three methods of drying: air, smoke and oven. The qualities of the dried rubber samples from the three methods of drying were then investigated. The criterion adopted for quality in this study was Plasticity Retention Index (PRI), which gave insight of the oxidative resistance of natural rubber, a measure of quality. The plasticity retention index was tested by using the Wallace plastimeter. The PRI values were calculated for the samples. Results obtained from this study showed that the qualities of natural rubber samples were actually influenced to different measurable extents depending on drying methods, as exhibited in the PRI levels. The results further gave basis for our conclusions that the smoke dried rubber samples had the poorest qualities, having the lowest values of PRI; followed by the oven and air dried samples respectively in terms of their PRI presented the best qualities, the highest PRI values.
Introduction
The rubber industry is a very vital one, feeding many other industries with their outputs. Among the beneficiary industries are the automobile, foot wear and construction industries, just to mention a few. These examples of dependent industries bring to fore the very important nature of the rubber industry.
Rubber industry relies highly on a great deal of inputs from the natural rubber (NR) source, being one of the most used rubber material owing to its unique inherent properties [1] - [5] . This position is still being maintained even with the advent of numerous types of rubber from synthetic sources and has been made possible because of some premium properties inherent on natural rubber. For instance, natural rubber is known to have a very high green strength, ranging between 15 MN•m −2 and 20 MN•m −2 in its unfilled state [1] . This unique strength relies on the ability of natural rubber to crystallise on elongation, giving high tensile strength in the direction of elongation [2] . That behaviour produces a superior form of reinforcement as it limits movement between neighbouring molecular chains and leads to increase in hysteresis and ultimate strength [3] . This property is usefully harnessed in the application of natural rubber in some areas.
For the continuous existence of natural rubber in the raw materials market feeding the rubber industry, it requires that certain minimum standards of qualities must be maintained. In search of means of controlling the quality of this material as to keep within standard, we need good understanding of some fundamental parameters which have effects on the properties of rubber. This is derived from detailed studies of the parameter of interest. The drying method (s) employed to obtain the dry rubber that is afterwards processed in the industry is one of such phenomenon with the potentials to affect the properties of the final products [6] . As the drying methods vary, it is expected that the qualities of the subsequent rubber products may vary too since drying methods affect the consistency of the rubber, which is later exhibited in the products properties.
Selecting the drying method (s) is a technical issue; stringent attention is given to temperature levels because excess or insufficient temperature can result in defective products [6] [7] .
Generally polymers, with exception of fluoropolymers are susceptible to oxidative degradation [1] [8] . Exposure to increased temperatures and ultra violet (UV) radiations facilitates this type of degradation, which is a free radical process initiated by thermal or photolytic cleavage of bonds [8] .
When natural rubber is subjected to attack from strong oxidising agent, oxidative degradation occurs. The raw natural rubber in its unprocessed and unvulcanised state is highly vulnerable to oxidation and ozonolysis. This vulnerability is attributed to the presence of double bonds (unsaturation sites) in its main backbone chain structure [1] [4] [8]- [10] .
Natural rubber can be oxidised directly by oxygen or indirectly by oxidising agents like metals and other oxygen donors. The oxidative degradation alters the original structure of the rubber due to reaction with oxygen at the sites of unsaturation (double bonds) in presence of heat. Ozonolysis leads to the formation of cyclic ozonides and both the oxidative degradation and ozonolysis eventually result to chain scission [8] . Degradation causes increase in hardness, brittleness, reduction of tensile strength and loss of colour. Symptoms of this form of degradation include hard thin films formed on the surface of products, which can crack easily on slight flexing. From the cracks initiated, tear can start and next eventually cause mechanical failure of the products [1] [8] [11] [12] . See Figure 1 . Standards for evaluation of natural rubber quality make reference to fungi growth, moisture content, colour and bubbles for visual observation and rating [6] [7] .
Plasticity Retention Index (PRI) is one parameter determined in accordance with ISO recommendation for grading natural rubber. Normally, plasticity retention tests are done on raw rubber even before mastication, compounding and the subsequent product formation. Its values give useful insights to certain performance aspects of rubber during mastication, compounding as well as ageing properties of the subsequent rubber products [13] . PRI was actually used in this study as a basis for estimating the quality of natural rubber. Plasticity Retention Index (PRI) is defined as the measure of resistance of a polymer material to oxidative degradation. Since oxidative behaviour of a natural rubber sample will largely affect its properties/qualities during processing and subsequent field application, it is expected that evaluation of its PRI will give a reasonable insight into properties that would be exhibited by the finished product of a given rubber sample. Three methods of drying were experimented during this study-air drying, smoke drying and oven drying.
Experimental Materials
Natural rubber latex was used during this study. Concentrated natural rubber latex was obtained from Rubber Research Institute, Iyanomo, Benin, Nigeria. Analytical grade of Formic acid was obtained from Rovet Chemicals, Benin and used as received. Equipment used included Two-roll mill, Wallace Plastimeter and standard Punch. 
Method

Preparation of Materials
Coagulation: The natural rubber latex was coagulated using 10% formic acid [1] [5] [14] [15] . The coagulum was sheeted using a two-roll mill and the sheets were made ready for drying. The drying was done via the three methods mentioned earlier as adopted and experimented for the purpose of this study:
• Air drying, • Oven drying and • Smoke drying methods.
From the dried sheets, test samples were taken for analysis. Air Drying: Air drying of the rubber sheets was done by placing samples in a well ventilated room, shaded from direct sun light. It was necessary to keep the rubber sheets from direct sun to avoid the possible negative degradative effects of the sun [7] . During this process, the rubber sheets were hung on racks under shade. The experiments were conducted during the months of December and February (hamattan period in Nigeria), when the prevailing humidity is known to be lowest, within the range of 10% to 12% and wind velocity high [16] . In this condition, the samples were dried at ambient temperatures ranging from 27˚C -33˚C. This condition was maintained for six days (144 hrs), after which the sheets were considered to have sufficiently dried [9] [10].
Smoke Drying: In the case of smoke drying, the samples were hung over a fire place for three days i.e. seventy-two hours (72 hrs) under a temperature condition ranging from 38˚C -45˚C in a smoking room. In this condition, the samples were treated by both the heat and smoke emanating from the fire, thereby drying the samples faster. More so, the smoke is expected to act as preservative, preventing the growth of mould on the rubber [6] [7] .
Oven Drying: During oven drying operation, the samples were placed in an oven maintained at a temperature of 55˚C. During this process, the temperature was carefully managed, to avoid excessive heating, which can cause burning and/or too low temperature, which would require too long period to produce sufficiently dried and matured sheets or may even allow fungi growth on samples [13] . The drying was done for half day (12 hrs), after which the samples were considered dried enough for further processing and analyses.
Generally, the moisture content of the sheets was used as a basis to determine the drying period for each case of drying during this study. The wet sheets had moisture content ranging between 42% and 50% before drying. The samples were considered to have sufficiently dried when their moisture contents dropped to a range of 0.8% -1.5% and the time interval it took to get to that level of dryness was taken as the drying time. Table 1 presents the moisture contents of the rubber samples before and after drying.
Tests
The tests of plasticity retention index were done in standard methods [17] . The procedure as explained below was used.
Preparation of test pieces: Each set of sample sheets, which had been dried separately using one of the three methods as described above, were masticated by passing it through the nip of the two-roll mill repeatedly for six times. This operation helped to homogenise and soften the rubber so that it could be sheeted out easily. The nip was adjusted to obtain sheets of approximately 2 mm in thickness. Test samples, six pieces (pellets) in each case were cut from the various homogenised sheets of the dried (air-dried, smoke-dried and oven dried) rubber using the Wallace punch. The test pieces were divided into two sets of three; one set each for determination of plasticity before and after accelerated ageing. Tests were done using the Wallace parallel plate plastimeter [17] .
Ageing of the test pieces: Accelerated ageing of the samples was done by inserting one set of test pieces in an oven maintained at a temperature of 140˚C for 30 minutes, after which their rapid plasticity were obtained.
Plasticity tests: The rapid plasticity of the samples were determined by sandwiching each test piece between two pieces of cigarette foil and compressing between two parallel platens of the plastimeter to a fixed thickness of 1.00 mm. After being held in this position for fifteen seconds (15 s) to reach equilibrium of temperature, it was then subjected to a compressive force of 10.0 kgf for thirty seconds. Its thickness at the end of this period was taken as a measure of rapid plasticity. Three readings were taken, one from each sample, from which average of readings was calculated for each sample. The values obtained from the tests were used to compute for the Plasticity Retention Index as given below:
where: P 0 = Average plastimeter reading for the unaged rubber; P 30 = Average plastimeter reading after accelerated ageing of rubber.
Results
Discussion
The drying rate (in other word, drying time), does not really affect the property of the product, but the extent of drying, which is exhibited as the moisture content of the dried rubber. That influenced our reason to allow the drying time to vary during the experiment while the moisture content of the dried rubber samples was controlled within a range of 0.8% -1.5% (see Table 1 ). Generally, the results obtained for PRI were above 50%, which may be seen as good values. The results indicated highest values of PRI for the Air-dried samples, followed closely by those of oven-dried samples, while those of the smoke-dried samples were the least. This result indicated that the different conditions of drying adopted for rubber actually have significant effects on the quality of products as measured by the rubber's Plasticity Retention Index (PRI) in this study. The result from our study showed that the PRI, which was used as a measure of quality, is influenced to different extents by the different drying methods explored during the study. From the results presented as shown in Table 2 and the subsequent charts plotted from data obtained (Figure 2) , the PRI values were found to be 83.33%, 57.14% and 80%, for the air-dried, smoke-dried and oven-dried samples respectively.
High values of PRI indicate high resistance to oxidative degradation and ozonolysis. This means that the material is able to retain its good properties over sometime, which translates into high quality of the subsequent Table 1 . Moisture content of the rubber samples before and after drying.
Parameter Value
Initial moisture content sheets before drying 42% -50%
Moisture content of sheets after drying 0.8% -1.5% rubber products. During our study, PRI was used as a basis for quality measurement. The samples which were dried by air and oven presented good and acceptable values of PRI, since these values were above 60%, which is the required standard minimum plasticity retention index for rubber. This is an indication of good quality. But the smokedrying method yielded low quality samples, since the PRI obtained (57.14%) was actually below the acceptable minimum standard of 60%. This showed air drying method to be the best alternative among the three methods experimented. This assertion was drawn from the fact that the air-dried samples had highest PRI value of 83.33%, closely followed by oven-dried, samples with PRI value of 80.00% and smoke-dried samples were at the rear, having PRI of 57.14%. Though the basis for this low value of PRI exhibited by the smoke-dried samples could not be ascertained, it was sufficient to say that smoke drying gave samples of poor quality in comparison with the other two methods (air drying and oven drying) that we experimented. Generally, it is expected that smoke-dried samples would exhibit better properties since samples received extra treatment from smoke. Perhaps there were excessive inclusions of particles from smoke treatment leading to the poor behaviour observed during the study.
A close look at our results we observed that though the different drying conditions experimented were at different temperature conditions, the results (i.e. PRI values) did not increase or fall in values directly relative to temperature changes. On this ground, we deduced from this experimental study that drying temperatures may not be the only significant factor that can affect quality of natural rubber products. For instance, drying rate is significantly affected by the drying temperature, prevailing relative humidity during experiment and wind speed. As earlier stated, the drying rate does not really affect subsequent processing of rubber products.
Conclusions
The experimental study carried out as presented in this paper was inclined to investigate how different conditions of drying of natural rubber materials would affect the properties exhibited by the rubber during subsequent processing and hence the qualities during field life of final products. In the study, PRI was used as the yard stick for the measurement of quality.
From the results obtained, it was found that:  The drying methods adopted actually had measurable influence on the qualities of natural rubber samples as expected.  Drying temperatures might not be the only significant factor that could affect the quality of natural rubber products.  The three methods of drying experimented affected qualities of rubber samples to different extents.  The air dried samples exhibited the highest value of PRI of the three drying methods studied, followed by the oven dried sample and the smoke dried samples presented the least values of PRI. This is an indication that air drying of natural rubber samples would give a reasonably good result during processing and service life of products. This experimental study further showed that air dried samples exhibited better properties than the samples obtained via oven and smoke drying. This means that among the three methods of drying experimented, air drying of samples has potentials to impart the best quality improvement on the properties of the subsequent products followed by oven drying, and smoke drying respectively.
On the basis of results obtained from this experimental study, it would be recommended that air drying of coagulated natural rubber samples should be done in preference to the other two alternatives and should be adopted anywhere possible as the drying method of choice.
